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The Microscopical Examination of Writing. 

FOB 

THE DETECTION OF FORGERY, ALTERATION, ETC. 



Bt 0. M. VoECE, F. K. M. S. 



This subject, of so mach special interest to my profession, long 
ago engaged my attention ; in consequence of wMcIi I made from time 
to time, A great many examinations and experiments chiefly directed 
at first to the identification of signatures, but later on to the investi- 
gation of the general characteristics of writing in ink on ordinary 
paper. The very interesting treatment of the subject in the inaugural 
address of the first President of our Society, delivered at Buflfalo, served 
to revive my interest in this subject, which had previously afforded me 
rather unsatisfactory results, and led me to renewed investigation and 
repeated experiment, in the hope that a practical certainty of result 
might be attained ; but I must confess that I am still disappointed 
and unsatisfied with the result. 

I shall consider first, the general characteristics of writing ; and 
secondly, special characteristics and modifications of or departures 
from general characteristics, due to special causes. 

The character of writing upon ordinary paper depends upon at least 
five combined elements, viz.: the paper upon which the writing is 
executed; the pen used; the ink; the personal qualifications of the 
writer ; and, finally, the conditions under which the writing is done. 
Any one of these five elements being changed from the ordinary con- 
dition, is almost certain to change the microscopical characteristics of 
the writing. Considering now these elements of the writing in the 
order named, I shall proceed to give the results of my own observations 
simply, the conclusions reached being those to which I adhere after a 
great deal of experimenting and some comparisons with the work of 
others. 

I. The Paper. The quality of its surface is the only characteristic 
of the paper that effects the writing. Undoubtedly, some chemical 
quality might be imparted to the filling of paper which would affect the 
writing done upon it, but I have never seen any such, and can say 
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nothing on that point. It is, I think, an invariable rule, tha:t the 
harder and smoother the paper the better defined is the writing upon 
it, and the better the chance of detecting any interpolation by another 
than the original writer. 

On such paper, with a good pen and ready flowing ink, the lines of 
the writing present a tolerably even contour, depending very much 
upon the rapidity with which the lines are drawn and upon the press- 
ure exerted, and also in a slight degree upon the amount of ink in the 
pen, and upon the angle which the pen makes with the paper. Sharp 
angles appear webbed at the point, and the extent of the web depends 
upon the angle of the pen with the paper and the amount of ink in the 
pen. The sharper the angle, the wider the web ; and the flatter the 
pen is held the wider the web, unless the ink is nearly exhausted from 
the pen, when there is sometimes no web at all. Also, the slower the 
stroke the wider the web, and I have thought I could detect a greater 
amount of webbing when thick ink was used. Narrow loops appear 
slightly webbed at the end, and the web varies and disappears with 
the same conditions as in case of angles. Crossed lines show a slight 
web on the angle towards which the underside of the pen is moved in 
making the last line, unless the crossing is at nearly a right angle and 
made with a light, rapid stroke, or with a pen almost devoid of ink. 
In the writing of rapid writers using a fine pointed gold pen with a 
very light stroke, and thin ink, it is often the caae that no web is found 
at the crossings; and in such writing it is usually impossible to tell 
which line crossed the other. There is also, in most cases where one 
line crosses another, an expansion at the crossed line ; and usually in 
slow writing, a spreading of the ink of the last line into the furrow of 
the first, but this is very often not to be seen in fine lines, and also in 
crossings of thick lines that were blotted before the ink dried. Dots 
appear distinct, and there is always to be seen an accumulation of ink 
in the end of strokes and in heavy shades, with usually sharply defined 
edge to the accumulation, and if it has been blotted, a lighter appear- 
ance of the center of the spot. 

Upon rough surfaced paper, the lines, no matter how swiftly drawn, 
have a distinctly ragged edge. In wide lines minute, clear spots are 
often seen where the ink failed to touch the paper, probably on account 
of air enclosed in a depression of the paper. Crossed lines are usually 
quite ragged at the crossing, and often lack the web. Dots are com- 
monly more distinct than lines, but the edges nearly always show some 
raggedness. I can discover no other difierence in the appearance of 
angles and loops from what they present on smooth paper, except the 
raggedness, and if anything, a little less webbing. 
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II. The Pen. Upon this depends, to a very great extent, the 
character of the writing on any surface and with any medium. At the 
present day scarcely any but steel and gold pens are commonly used. 
I had once a glass pen that was capable of really fine and good writing, 
but have never been able to obtain another. Quill pens are rarely 
used, and stylographic pens but little in commercial work, Eubber, 
cellnloid, horn and probably other materials have been made into pens, 
but none of these are likely to play a part in the commercial work of 
the world, so far as writing is concerned. 

"Writing executed with a steel pen almost invariably shows a dis- 
tinct groove cut by the pen on or slightly within the margin of the line 
on all but the lightest of the up strokes, and on heavy lines, one on 
each edge is commonly seen. Some persons in writing with asteel pen use 
so light a touch that in many of the lines no scratch is seen, but it is 
nearly impossible to execute a fine, plain line with a steel pen without 
the appearance of the scratch. When the pen is old and corroded 
these scratches look like clean cuts with a knife-edged tool. The 
scratch of broad-pointed or engrossing pens is less sharp and distinct, 
but is usually distinguishable, although the writing of such a pen is so 
peculiar as to be readily recognized by the unaided eye. 

With a gold pen these scratches are less conspicuous, especially if 
the pen has been long used, but are usually to be discovered in the 
heavy lines and shades which are commoner in writing with a gold 
than a steel pen, and in dots and figures the scratches are very often 
seen. A quill pen as commonly used does not usually scratch the 
paper much, but if made from a thick quill like a swan's, it will some- 
times, when first used, show traces of the scratch, but as it becomes 
softer these cannot be seen. The stylographic pens, as ordinarily used, 
make no scratch, but occasionally leave a shallow furrow. The writing 
of a gutta percha or hard rubber pen is very much like that of a good 
quill pen, but more frequently shows scratches in lines made sidewise 
of the nib. The distinctness of the scratches made by any pen depends 
upon the kind of pen and its condition, the pressure used, the manner in 
which the pen is held and the condition and texture of the surface of 
the paper on which it is used. 

III. The Ink. This varies indefinitely through all shades of 
color and all degrees of limpidity. I think the characteristics of writ- 
ing are best seen when the ink used is fluid and ready flowing, like 
those inks which are pale at first and darken with age. Such inks 
leave scarcely any body of ink on the paper unless a heavy stroke is 
made, and present the clearest formed lines, and the scratch of the pen 
is also best seen. Copying ink usually presents a mass of ink on the 
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lines, often looking as if it had been plastered on, and if not copied 
osually has some gloss when dry, and in some spots even if it has been 
copied. There are however some copying inks which do not have 
much body and have no gloss when dry. Writing in copying ink that 
has been copied in the press soon after it was written almost invariably 
shows in some spots a cloudy diffused margin to the lines, particularly 
at loops ; in a body of writing this is readily apparent to the eye, but 
in any single word this trace of copying can almost always be found 
by the microscope, and there is also an absence of the aggregations of 
ink seen in uncopied writing. 

Some inks do not take well on paper that has been lithographed. 
I have not been able to determine what class of inks it is that behave 
thus, but I have seen notes and drafts on lithographed blanks on which 
the ink of the original seemed to draw into beads as if the surface were 
greasy, while indorsements on the face of the papers in other ink were 
clear and sharp. A thick ink spreads unerenly and a body of writ- 
ing in such ink looks blotchy, and the microscope shows much webbing 
and indistinct corners at crossings. Purple and violet inks exhibit a 
metallic luster where the film is thick, at angles, in loops, and at ends 
of heavy strokes. Even faint lines of these inks when rightly illumin- 
ated will generally show this luster in spots. And in some cases this 
luster can be seen where the line crosses writing. Yet I have seen 
cases where the first written line, under the microscope, appeared 
unmistakeably on top of the later line. The same appearance is found 
in some red inks, and the same deceptive look of crossed lines. The 
writing when red ink is used shows less webbing than with other inks, 
probable due to its very quick drying. The presence of sediment in 
any ink is recognized by the particles seen scattered in the lines of the 
writing : if in great quantity and consisting in part of mould small 
mats of the substance will be found in the broad lines and often at 
angles. 

IV. The Peesonal Qualifications of the Weitee. By these 
I mean the skill of the writer, his method of writing, physical ability, 
etc. A person accustomed to do much writing commonly writes at a 
good speed and without hesitation, and the writing of such a person is 
generally cursive, though I know of some remarkable exceptions, and 
in the absence of physical defects the lines bold, the curves regular, 
straight lines are firm, and the writing in quantity is alike in all parts, 
that is, it has the same characteristics. 

Writing executed slowly, whether heavy or light, has not the 
smooth and even look of rapid writing, curves are not so regular, and 
straight lines are not so even and firm nor are they as straight as 
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rapidly drawn lines. The loops and angles and crossed places show 
more ink. If slow writing is not the writer's habit the contrast will be 
all the greater, and the writing will commonly show traces of tremor. 
If one who habitually writes with light pressure attempts to write with 
a heavy pressure, some lines will show a sort of wave or swelling and 
the same lines in different places will be somewhat unlike. One who 
habitually writes a heavy hand on attempting to write what is called 
" hair line writing " without any shading, will give the writing an 
appearance which might be described as shaky, with some waviness in 
long lines and such as it is his habit to shade. I think the reason of 
this is that the hand misses the support to which it is accustomed from 
pressure on the pen, and the attention being concentrated on the act 
of writing agitates in some degree the nerves. Indeed, I believe that 
in almost all cases where the attention and anxiety of the writer are 
fixed upon the character of the writing he is executing the resulting 
writing differs from his ordinary writing to an extent quite perceptible 
to the microscope. 

Persons unaccustomed to writing are apt to make frequent pauses, 
even in short words, do not write evenly, same letters are not always 
same shape or size, do not follow a line well, misjudge the distance 
required for a given word or sentence, and crowd the latter part of it, 
misshape letters and are very much given to retouching and patching 
the work, adding strokes and dashes that are unnecesary, often retracing 
faint lines etc. Aged persons usually and young persons occasionally 
have a fixed tremor in their writing, which is seen in almost every line 
but especially in lines written upward and to the right. This tremor 
from age it is next to impossible to imitate. I have given this test to 
very expert penmen, who could imitate to perfection almost any writ- 
ing, but found them unable to imitate this tremor so as to present even 
a close resemblance under the microscope. Invalids and physically 
weak persons usually write with a more or less staggering or sprawling 
look to the writing if in quantity. They cannot usually execute signa- 
atures better than anything else, (but this is also true of the great major- 
ity of persons,) and have not the characteristic tremor of old age, except 
in rare cases. Intoxication, unless severe, affects the character of the 
writing much less than might be supposed, and seems to me to affect 
its microscopical characteristics less than its visible ones. What is still 
more remarkable I have seen a man, blind for many years, write his 
name so precisely like other signatures written nearly twenty years 
before that it was impossible to distinguish between them with the eye, 
and no appreciable difference could be seen with the microscope, as 
both exhibited the same characteristics of tremor, etc. 
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The effects of pen paralysis, so called, and other diseases causing 
spasm of the muscles I have never had an opportunity of studying. 

V. The Ciroumstanoes Under Which Writing is Done. As 
before said, almost every departure from the ordinary conditions 
affects the character of the writing. One who habitually uses a flex- 
ible gold pen writes perceptibly different with a stiff steel pen, and 
makes sharper angles almost invariably. One who habitually writes 
seated writes somewhat awkwardly standing at a high desk or leaning 
over a table, sometimes the difference is quite plain. Writing done in 
a room which is jarred by machinery often shows jogs and tremors 
due to this cause and differing from the same writer's work on a firm 
desk. The presence of a glove on the hand affects the writing in a 
remarkable degree. The absence of spectacles to those who are 
accustomed to use them also often produces an irregularity and a per- 
ceptible difference from the writer's work when using then. Genuine 
signatures of the same person, one written in his own office at his own 
desk with his own writing materials, and the other written in another 
place with a different kind of pen and in an unaccustomed position, 
will differ considerably in appearance under the microscope, and often 
to the eye. I well remember such a case where the difference in the 
two signatures was striking, but both were conclusively proven to be 
genuine. 

The special characteristics of writing are due chiefly to peculiar 
methods of the writer, unusual condition of paper, pen or ink, unusual 
treatment of the writing after execution, etc., etc. The peculiar ""hand " 
of the writer is usually to be recognized in all his work under usual 
conditions, if in any quantity. Some writers however are fond of writ- 
ing different styles at different times, use different styles of signa- 
ture at different times, and other whims and vagaries, but in the 
majority of cases the signature of a person of mature age is very uni- 
form in its characteristics, although his writing other than his signa- 
ture may vary in its style and characteristics. The manner of holding 
the pen also varies. Persons not accustomed to writing commonly 
hold the pen more upright than those who write a great deal, and 
sometimes hold it almost vertical. Such writing looks wavy and irreg- 
ular, but slightly webbed, dots usually triangular or square. Others 
hold the pen under the forefinger, and such writing, which is often 
back-hand, usually is broadly webbed ; sidewise strokes heavy, and 
downward strokes with plain scratch. 

When the pen is held pointing towards the writer, the up strokes 
show shading and scratch, and the downward strokes light, the reverse 
of common writing ; but this manner is very seldom used except for 
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the express purpose of display. A worn steel pen often catches in the 
paper, and the little triangular or square punctures are plainly to be 
seen, and are ineradicable, often penetrating entirely through the 
paper. Spatters made by the pen catching of course need no micro- 
scope to display them. 

On damp paper the writing presents very minute acicular serra- 
tions of the margin of the line, and has a sunken appearance. On 
wet paper, every line has a cloudy, faint web along both sides, the 
wetter the paper the wider this cloud, until a point is reached when 
ink will leave the pen and diflfuse over the paper in a blot. On damp 
or wet paper the scratch is very much plainer than on dry. Thick, 
gummy ink, dried upon a pen, often makes a mark like a stylographic 
pen, and when a pen in such condition is used with other ink, particles 
of the dried ink will be found in the lines, often in scales, and the 
writing done after the points are soaked free usually shows a changed 
appearance. 

The application of a blotter often makes webs where a body of ink 
stood on the paper, but the appearance of such webs cannot ordinarily 
be mistaken for the effect of damp or for webs produced originally in 
the writing. In the same manner, lines and spots of ink are often 
transferred from a blotter to the paper on which it is used, or from 
another freshly written paper. Such lines can be distinguished by the 
absence of a scratch, irregular margins, vacant spots, and when trans- 
ferred from a blotter, by a granular appearance and faintness. 

The distinctness of such transferred lines is sometimes quite sur- 
prising, bat they can seldom be deceptive. 

The practical application of these facts in the examination of writ- 
ing to determine its genuine or fictitious character, require patient 
investigation of the specimen in a variety of ways, and also considerable 
investigation other than microscopical ; and in a great majority of cases 
microscopical investigation is utterly useless without the corresponding 
outside investigation. 

When a particular sample of writing is suspected and submitted 
to examination to determine whether written by a particular person or 
not, it becomes important to learn first, if not genuine, by whom it 
was most likely to be written, and if a particular person be suspected 
of the authorship, to secure if possible specimens of his writing as well 
as those of the reputed author, since the mere detection of minute dif- 
ferences from the ordinary habit of the reputed author is of compara- 
tively little weight, but if connected with a resemblance to that of a 
suspected author establishes a reasonably grave suspicion of his author- 
ship. In a great many cases letters are brought forward as samples 
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of the genuine writing of the reputed or ostensible author of a disputed 
writing, but for my own part I should prefer, if possible to obtain 
them, samples of any other class of writing than letters, for the reason 
that I have found by experience that signatures to letters are extremely 
liable to vary from the business habit of the writer, although the body 
of the writing may correspond well with it. 

I have in mind a case where the defense of forgery was made to a 
suit on a promissory note, and a number of letters from the defendant 
were produced by his relatives, covering a period of years that included 
the date of the note, and were relied upon to show that the signature 
to the note was a forgery. Yet some of the signatures to these letters 
of dates near to that of the note, varied more from each other than 
either of them did from the disputed signature to the note, to which 
some few of them were remarkably alike. It was obviously useless to 
rely on such evidence, therefore the parties were instructed to secure 
as many as possible of his canceled notes, and such of his notes and 
receipts outstanding as could be procured. These papers, when exam- 
ined, showed the signatures to be quite uniform in character, and very 
similar to the suspected signature, but quite different from his signa- 
ture to some of the letters. Of course, on the trial of the case, the 
letters were not offered in evidence, but only the genuine notes and 
receipts, and the defense prevailed ; but it is apparent that had the 
other party been able to produce those letters, with their signatures, 
the differences among them and the similarity of some of them to that 
of the note, would moat likely have proved fatal to the defense. 

Another valuable point is to learn what means the suspected author 
had to imitate the writing of the reputed author. An imitation made 
by the same pen and same ink ordinarily used by the reputed author, 
and by one familiar with his mode of writing and manner of holding 
the pen, would, if those conditions were made to conform to the habit 
of the reputed author, be extremely likely to very closely resemble it 
in its microscopical characteristics, the perfection of the resemblance 
depending of course upon the skill of the writer as a penman. If the 
ink of the disputed writing differs from that of genuine writings of 
about the same date, and ought to be from the same source, it can, if 
really genuine, only arise from the presence of sediment, thickness or 
the use of a gummed or corroded pen, either of which cases can be 
detected in the writing if there is much of it. The kind of pen used 
and manner of holding it, as disclosed by the scratches made, when 
compared with the habit of the reputed author and that of the 
suspected author, will sometimes afford strong evidence. 
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Tf the suspected writing is of any considerable amount it is almost 
certain to exhibit conclusive evidence of its false character, if such be 
the fact, and unless the work is done by a practiced and unusually skill- 
ful hand, hardly a full line can be written in imitation of other writing 
without containing evidence sufficient to disclose its true character. 

When, however, the examination, as is often the case, is limited to 
a word or two, a name, figures, and sometimes even a single stroke of 
the pen, the difficulty of detection increases in proportion to the skill of 
the perpetrator, and the number of circumstance that combined to favor 
hisattempt, and in some cases detection is completely impossible. Hence, 
when the writing in question is so limited, great caution in coming to a 
conclusion is demanded, and the marks of fraud should be pronounced 
and irreconcilable with any explanation of accident or circumstance 
before the decision of its falsity should be made from the examination 
of the writing alone, unsupported by strong corroborative outside 
evidence. 

I have in my possession a genuine promissory note, in which the 
maker, although a business man of over thirty years' experience, has 
misspelled his own name in the signature. Had he died leaving this 
note outstanding and the defense of forgery been made, with only the 
evidence oflfered by the note itself accessible, how certainly would 
error have triumphed over truth on that issue ; but as it was he lived 
to pay it and deprive us of a chance for a very interesting case of 
expert evidence. 



This paper was discussed at some length, the principal speaker being 
ex-President Ward, who referred to the views expressed by him in 
the address delivered before the Society at the previous meeting. He 
farther expressed his belief that inquiries of this kind should consist 
of microscopic analysis in connection with a broad and philosophic 
knowledge of the habits and peculiarities of the person who might 
have executed the alleged forgery. A man's handwriting would, he 
believed, exhibit, under all circumstances, when carefully examined, 
contain peculiarities which had become as natural to him as breath- 
ing, and of which he could not rid himself. A man might imitate a 
signature in its prominent letters and first syllables very successfully, 
but it would be simply a miracle if when he came to the latter part of 
the signature some peculiarity of his own handwriting would not un- 
consciously be imparted to that which he sought to imitate. The 
very fear of exposure, the nervousness from which few men at such 
times could completely rid themselves, would ensure the presence of 
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some unconscious trait of the writing which would make its i&denti- 
fication, where there were two or three words, or more, almost cer- 
tain. A case in point was the well-known one of Whittaker, the 
West Point cadet, where among several hundred specimens of stu- 
dents' handwriting, written carelessly and at times when they had no 
idea their penmanship would ever be examined bj others, the speci- 
mens being marked in cipher, several experts, none of them knowing 
the conclusion which the others had reached, or whose handwriting it 
was that they had agreed upon, unanimously selected the specimens 
known by the officers to be those of Oadet Whittaker. 



